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y arranglnc; a sensor printed circuit boand (3) 
equipped vffih a fight sensor (10) at the side of a rsfjeo 
tor sheet (IS) of a &quid crystal module (1) farmed of a 
WqiM crystal panel (11), a diffusion sheet (12), a light 
collective sheet (1$), a f fluorescent tube (14), a &ght 
dirscfino o?ate (IS), and the reflector sheet {18} via a 
doughnut-shaped cushion (4), light leaking from the 

a 2 



reflector sheet (IS) is detected. The detected ouiput 
and a h^rsnance value 3et by a setting device (25) are 
compared. A UP'O (22) controls an hwertef (24} to drive 
the fluorescent tube (14) so that the ^rnin&nce vsfue eat 
Is achieved. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The preset invention relates to a pnoiodeteetor of 
a liquid costal display apparatus, and more particularly 
to a luminance control device using the same, More par- 
ticularly, the present invention rebates to a photodetector 
that detects the quantify of light from the backlight of a 
tiquki crystal display apparatus, and a luminance control 
device using this photodsteclor for controlling lumi- 
nance of the backlight. 

Description of the Baokoround Ar! 

In the last few years, liquid crystal displays have 
become widely used Ift per sonal computers, word proc- 
essors and the like. A sight source called a backlight Is 
provided In the liquid crystal display to illuminate the 
surface otene from the rear. A cold cathode fluorescent 
tube, for example, Is used as ins light source. The back- 
light can have the brightness adjusted arbitrarily by a 
user However, the contrast may be degraded due to 
change Irs the brightness of the ambient light 

A display device for maintaining an appropriate dis- 
play state is disclosed in Japanese Patent Laying-Open 
Kb. 60-26990, for example. According to this display 
device, the light of a light source Is directly detected by 
a light sensor. Also, the provision of a Tight blocking film 
to improve the detection performance of oniy the light 
source is disclosed. 

Japanese Patent Laying-Open No 62-125329 dis- 
closes a transmissive iyps crystal display {'includ- 
ing a back photodetector device for detecting Indirectly 
the light of a lamp through a transparent piate. A light 
blocking layer & formed around the detector device to 
block off ambient light 

In general, liquid crystal display units are commer- 
cially available from manufacturers In the form of a uni- 
tary element In which a liquid crystal panel, a backlight 
a light directing plate, and a reflector sheet are provided 
Integrally. The provision of a Sight sensor therein win 
require a particular modification, which results In an 
increase in cost, in the case yvhere the light sensor Is to 
be provided between the liquid crystal panel and the 
backlight, the light sensor must be located at a corner 
location that does not Interfere with the liquid crystal 
panel. There Is a disadvantage in that the occupying 
area is increased and the detection accuracy Is 
degraded. 

The quantity of light from a backlight is reduced 
over long periods of usage. The end of the backlight is 
set as the time when the luminance has become tower 
than 50% of the initial value. Since it is difficult for a oen- 
era! user to determine this value, a defecting device that 
notifies a user is disclosed In, for example, Japanese 



Patent Laying-Open No. 5-13178. According to thsss 
device, the quantity of the light from the backlight & 
detected bv a fiqht duanifty sensor and amollfied, Ar? 
alarm is sounded to notify the user when the level 
s becomes lower than 50% of its iv&sS value. 

A cold cathode fluorescent tube used as the back- 
light shows a variation In brightness as an Initial charac- 
teristic. Light Is not emitted continuously at the same 
luminance. As a result of this characteristic, it is difficult 

10 to accurately detect when the luminance drops below* 
50% for each of the backlights. In general, a phototram 
sister, a photodiode, and the like are used as the quan- 
% light sensor. As the quantity light sensor per se has 
some deviation, a reduction of 50% In luminance ss cliffs- 

rs cult to be accurst ery detected. 

SUMMARY OF THE INVENTION 

A main object of the present invention Is to provide 
20 a photcdetecicr of a \ squid crystal display that can detect 
light leaking from a reflector sheet of ths liquid crystal 
display 

Another object of the present Invention Is to provide 
a luminance control device of a liquid crystal dlsolav 
55 backlight that can cancel the influence caused by varies 
lions In the luminance of the backlight and in the sensi- 
tivity of the sensor itself and thus allow, accurate 
detection of luminance degradation. 

According to an aspect of the present invention, a 
oo photodetector for detecting Sigh! from the backlight of a 
liquid crystal display includes a Sight sensor provided at 
the rear of the liquid crystal display for detecting light 
leaking from the backlight 

According to the present Invention, even a liquid 

55 crystal display Including a liquid crystal panel a back- 
light, a light directing plate, a reflector sheet, and the like 
which are formed Integrally can be easily equipped with 
a photodetector and the cost can be reduced. 

Preferably me liquid crystal display has a iiquks 
40 crystal panel a diffusion sheet., a light collective sheet, 
a light directing plate, and a reflector sheet which are 
arranged as a unit. A fiuorescent tube for backlight is 
provided at the end of the light directing plate. The light 
sensor is provided at the reflector sheet side to defect 
45 light leaking out from the reflector sheet. 

Further preferably, a cushion member is provided to 
direct only the light leaking from the reflector sheet to 
the light sensor. The light sensor Is attached to a pxxm^ 
tircwt board (FOB), A sense antenna for detecting the 
electric field radiation from the crystal display Is 
provided at the periphery of the light sensor. 

According to another aspect of the present Inven- 
tion, a luminance controi device controls the luminance 
of a backlight for illuminating a liquid crystal display The 

56 quantify of light when the backlight is lit at the maximum 
luminance is detected by a photodetector. When a user 
sets a desired luminance through a luminance setfino 
device, the iuroinance of the backlight Is controlled 
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using the previously detected quantity of sight as a refer- 
ence, to achieve the jumlnance level set by the lumi- 
nance setting device. 

Accorclsng to a further aspect of the present inven- 
tion, control is provided so that the Influence due to var- 
iations In the luminance of the backlight and in the 
sensitivity of the sensor itseS is canceled to obtain an 
accurate luminance, 

The foregoing and other objects, features, aspects 
and advantages of the present Invention will become 
more ^parent from the following detailed description of 
the present invention when taken in conjunction with the 
aoecrrspsnyl ng drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view of a liquid 
crystal display according to an, embodiment of tie 
present invention. 

Fig. £ Is an eroded perspective view of the liquid 
crystal module and photodetector of Fig. 1. 

pjg. 3 ss a schematic block diagram of a control cir- 
cuit which detects light x rom a backlight with a sight sen- 
sor, shown in Rgs. 1 and 2, to control the quantity of 
iight. 

Fig. 4 :s a flow chart for describing a specific opera- 
tion of an embedment of the present invention. 

Fig. 5 shews luminance variation characteristics of 
a cold cathode fluorescent tube employed in an ernbod- 
I ment of the preserit invention . 

DESCRIPTION OF THE P REFER BSD EMBODI- 
MENTS 

Referring to Fig. 1, a base 2 Is provided at the rear 
of a liquid crystal module 1 . A light sensor attached to a 
printed circuit board (FOB) 8 is fixed to a center location 
of base 2, The light sensor delects light from the back- 
light Ees&ing out from the rear of liquid crystal module 1 - 
A doughnut -shaped cushion 4 for blocking light is pro- 
vided between liquid crystal module 1 and sensor PCS 
3 so that the light sensor detects only the light from the 
bacfeSghi 

A printed circuit board (PCB) 5 of a controller is pro- 
vided at the rear of base 2, An aluminum blocking pSate 
6 is provided at the rear of PCB 5. liquid crystal module 
1 , base 2. sensor PCB :3.. doughniit-^naped cushion 4, 
PCB 5. and blocking plate 6 are termed integrally by a 
front cover 7 and a back cover 8. Although cushion 4 
closely adheres to liquid crystal module 1 in order to 
block light., the pressure is such that no display uneven- 
nsss will occur on LCD pane; 11 due to the cushion 
effect. 

Fj§. 2 is an exploded perspective view of the liquid 
crystal module and the photodetector shown in Fig. 1 . 
Referring to Fig, 2, liquid crystal module 1 Inciudes an 
LCD panel 11. a diffusion chest 12, a light collective 
sheet 13, a fluorescent tubs 14 S a light directing plate 



15 : and a reflector sheet 18. Fluorescent tube 14 is pro- 
vided at both ends of light directing plate 15. The light 
from fluorescent tube 14 is directed onto LCD panel 1 1 
by iight directing plate 1 S t and the entire sudaee of LCD 
5 panel 1 1 Is illuminated by light collective sheet 13 and 
diffusion sheet 12. 

Reflector sheet 18 is provided at the rear of light 
directing plate IS. Most of the light directed from light 
directing plate IS Is guided towards fight collective sheet 

io 13. However, a porta* of light leaks from reflector sheet 
18. This leakage iight Is detected by light sensor 10 
attached to sensor PCB 3 via cushion 4. Sensor PCS 3 
Is attached to base 2 of Rg, 1 by a PCB attachment 9. 
A sense antenna 2D is provided around light sensor 

is 10 on sensor PCB 3. Sense antenna 20 detects the 
electric field component leaking out from liquid crystal 
module 1 . Unnecessary electric field radiaison can be 
canceled for example, by applying an opposite polarity 
voltage of the detected electee field to an antenna (no$ 

20 shown) provided around liquid crystal module 1. "His 
number of components can be reduced by attaching 
light sensor 10 and sense antenna 20 to sensor PCB 3. 
As a result, the cost can be reduced. 

Fig 3 is a block diagram of a control circuit for con- 

25 trolling the luminance of the backlight Referring to Fig, 
3, the detected output from. I ight sensor 10 Is provided to 
an A/D converter 21 to be converted into a digital signal. 
The digital signal is provided to a MRU 22. MPU 22. 
computes a luminance control signal so that fluorescent 

■so tube 1 4 emits light at the luminance level s et by a user 
with a setting device 25. The output luminance control 
signal Is converted into an analog signal by a D/A con- 
verter 23 to be provided to an Inverter 24.. inverter £4 
drives fluorescent tube 14 of liquid crystal module 1 

3$ according to the provided analog signal. The optimum 
display state can be maintained by MPU 22 provk&ng a 
luminance control signal that attains She luminance set 
by the user through setting device 25 while monitoring 
the detected output of tight sensor 10, 

40 According to the present invention, light sensor 10 
provided at the rear of liquid crystal module 1 defects 
iight leak) ng f rem fluorescent tube 1 4 serving as a back - 
light Therefore, a photodetector can be easily attached 
to a liquid crystal display Including LCD panel 11 , the 

45 backlight., light directing plate 15, reflector sheet 16 and 
the like, which are formed integrally Accordingly the 
cost can foe reduced. 

Fig. 4 Is a flow chart for describing the operation of 
a luminance control device according to another 

so embodiment of the present Invention. Fig. 5 shows the 
luminance variation characteristics of a cold cathode 
fluorescent tube 

The operation of a luminance control device 
according to another embodiment of the. present inve;> 

55 tien will be described hereinafter with reference to Flos 
1 -5, At step SP1 (step abbreviated as SP hereinafter) of 
Fig. 4, MPU 22 sets the maximum luminance of the 
backlight. This maximum luminance setting is sropie- 



3 



s 



EP0B61 mi&2 



6 



rented at the time of shfoment, at the time of exchaia- 
Ing fluorescent tube 14 of Bg, 2 4 or at the of 
exchanging light sensor 10- This setting is effected to 
absorb the difference m lummmce for each set caused 
by variation In fluorescent lube 14 and by the sensitivity 
variation of light sensor ID. More specifically, f lucres- 
cent tube 14 is made to emit light at the maximum lumi- 
nance of 100% and a§ed. When tie luminance of 
f iuorescem tube 1 4 Is stabilised, MRU 22 stores the out- 
put of Isght sensor 10 that is corjverfed into a digits! sig- 
nal by Mj converter 21. The stored value is the 
maximum luminance value (Ymax) of the set 

At steps SP2-SP7, MF U 22 controls the luminance 
of the backlight This luminance control ss repeated peri- 
odically in the general usage state alter the above- 
d escribed maximum iujramnce is set More specif Ically. 
at step SF2 t MRU 22 reads cut Ihe output of light sensor 
1 0 that Is converted into adigitai signal by A/D converter 
21 . This is the current backlight luminance value {¥}. 

At step SP3, the user luminance set value (UY) is 
read. This luminance set value (UY) can be set arbitrar- 
ily by a user by operation of a switch that is attached to 
the set. This value represents the desired usage In % 
with respect to the maximum luminance. At step SPA, 
IvtPU 22 computes the target luminance sensor value 
(YX) according to the maximum luminance Ymax and 
the user luminance set value {UY). 

At stsp SP5, the luminance sensed value Y is com- 
pared with the target sensor value YX. When the com- 
pared values match, the process ends. Otherwise., 
control proceeds to step SPS, A predetermined value is 
added to (or subtracted from) the luminance control out- 
put value so that the luminance sensor value (Y) 
detected by light sensor ID approximates the target 
luminance sensor value (YX), The computed luminance 
control output value js provided to D/A converter 23 at 
step SP7. The luminance control output value Is con- 
verted into an analog signal by D/A converter 23. There- 
fore, when the luminance set value Is set as 50%. for 
example, the backl^ht can emit substantial y constant 
quantity of light even when the environments conditions 
such as ambient temperature differ, as. shown In rig. 5. 

Thus, the screen Summarise that varies set by set 
can be provided effectively 100%. Luminance control 
can be orcvided rsgarcBsss of variation in the sensitive 
of the tight sensor 10. A stable light as^ustdd ratio (the 
raise of the maximum imminence to the minimum lumi- 
nance) can be ensured. It Is also possible to identify the 
decreasing rate of the luminance due to degradation of 
fluorescent tube 14 by storing the initial maximum lumi- 
nance. This value can be used as a reference for the 
time to exchange fluorescent tube 1 4. 

According to the present embodiment, the quantity 
of light when the backlight is lit at the maximum lumi- 
nance Is detected and the backlight is controlled using 
the detected quantity of light as a reference, so that the 
luminance set by the user can be obtained. The effect of 
variations in the luminance of the backsight and In the 



sensitivity of the sensor Itself can be canceled to pro- 
vide accurate luminance. 

Although the present invention has bsen described 
and illustrated In detail, If Is clearly understood that the 
s same Is by way of illustration and example only and Is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 

ro Claims 

1 . A photodetecfor for detecting light from a backlight 
of a liquid crystal display comprising a light sensor 
(10) provided at the rear of said liquid crystal die- 

ts play for detecting light leaking from said backlight. 

2. Tne photedef ector of a liquid crystal display accord- 
ing to claim i , wherein said Y\qw$. crystal display 
includes a liquid crystal panel {11), a diffusion sheet 

•so (12), a light collective sheet (13), a light directing 
plate (15), and a reflector sheet (IS), which are 
arranged as a unit element. 

wherein a fluorescent tubs (14) for backlight 
is provided at an end of said light directing plate, 

55 and 

wherein said light sensor (10) is provided at 
said reflector sheet side to detect light leaking from 
said reflector sheet 

eo 3. The photod elector of a I squid crystal display accord - 
ing to claim 2, further comprising a cushion mem- 
ber (4) for directing only the light leaking from said 
reflector sheet to said light sensor. 

55 4. The photodetecfor of a liquid crystal display accord - 
ing to claim 3, wherein said light sensor Is attached 
to a printed circuit board, and wherein a sense 
antenna (20) is provided around said light sensor 
for detecting electric field radiation from said liquid 

40 crystal display. 

S. A luminance control device for controlling lumi- 
nance of a backlight (14) for illuminating a liquid 
crystal display (1), said luminance control device 
46 comprising; 

a phofodetector (10) for detecting a quantity of 
light when said backlight is lit at a maximum 
luminance 

ctf luminance setting means (55) for setting a 

desired luminance by a user, and 
control means (22) for controlling luminance of 
said backlight using a detected output of said 
phofodetector when said backlight Is lit at the 

55 maximum luminance as a reference so that the 

luminance set by said luminance setting means 
is achieved. 
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6. The luminance control device of a liquid crystal dis- 
may according to claim 5, wherein said liquid crystal 
display Includes a $q\m crystal panel (1 1), a diffu- 
sion sheet (12}> a light' collective • sliest {13},. a jlght 
directing plate (1 5) and a ref Jsct&r sheet ( 1 6) ( which $ 
are arranged as a unit, wherein a fluorescent tube 
(14) for backlight is provided at an end of said light 
directing plaie> and 

wherein said light sensor (10) & proviided at 
said reflector sheet side to detect light leaking from & 
said rejector sheet 

?, "Hie luminance control device of a liquid crystal dis- 
play according to claim 8, further comprising a 
cushion member (4) for directing only the light leak- is 
ing from said ref Sector sheet to said light sensor. 

8. The iumlnanoecontrol device of a liquid orvsta! dls- 
play according to claim 7, wherein said photodetec- 

tor is provided at ins rear of said liquid crystal $g 
display. 

9. The luminance control device of a liquid crystal dis- 
play according to claim 7.. wherein said light sensor 

Is attached to a printed circuit board, and wherein a 25 
sense antenna (20) is provided around said light 
sensor for detecting dectrlo flaks radiation from said 
liquid crystal display. 

10. A method or controlling a luminance output by a sc 
backlight of a ft&i panel display, said method com- 
prising; 

a) avowing a user to select a luminance setting, 
said setting being proportional to a predates 
mined constant luminance value for said back- 
et, 

b) measuring a luminance currently output by 
said backlight losing a pne-iodetector ; and 40 

c) adjusting the luminanca output by the back- 
light to equal said user-defined setting. 

11. A method according to claim 10\ wherein said con- 4S 
starrt luminance value Is a value previously meas- 
ured for said oac^lght using said photodeteotor. 
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